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Rl Model Review

12/18/2018

mModel Development 

Group

280) ...The word "objects" should be "objectives."
281) ...The sentence is missing the word "of" between the words "source"and "selenium."
282) ...Please edit the phrase "Time for pore volume to infiltrates...."

12/18/2018

March 2012-April 2014 
Attendees

• Agencies & reps
• Tim Mosko, Gerry Winter, Matt Wilkening
• Brady Johnson & Mary Kauffman

• Simplot
• Monty Johnson and Lori Hamann

• Formation
• Pete, Buz, Bronwyn, Fred, and Lily

Progressive understanding as complexities 
incorporated or assumptions evolve

• Review inputs and assumptions
• Address concerns as appropriate
• Discuss updates to the model
• Three editorial comments on Rl reporting (App H)

RI Model Review 

12/18/2018 

Model Development 
Group 

280) .. The word "objutsH should be Nobjectlves." 

DRAFT 
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• March 2012 - April 2014 

• Attendees 

• Agencies & reps 
• Tim Mosko, Gerry Winter, Matt Wilkening 

• Brady Johnson & Mary Kauffman 

• Simplot 
• Monty Johnson and Lori Hamann 

• Formation 
• Pete, Buz, Bronwyn, Fred, and Lily 

• Progressive understanding as complexities 
incorporated or assumptions evolve 

ORAF! 

Review inputs and assumptions 

• Address concerns as appropriate 

Discuss updates to the model 

• Three editorial comments on RI reporting (App H) 



Modeling 

Ob ectives

Quantify source area contributions to 
Springs Complex
• Panels A, B, C, D, E
• Pole ODA

Represent Site conditions changing 
over time and subsequent selenium 
transport

• Active mining
• Reclamation
• Removal Action(s)

12/18/2018 DfiAPT

ustom scripts

South EndNorth End

Analytical
Model

Custom scripts

MODFLOW
/MT3D

Analytical
Model

GIS/Source Term Model 
Loading (t, xy)
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• South-end is flow system reporting 
to Springs Complex

• North-end is hypothetical northerly 
flowpath

• Model development focused on 
South-end

• North- and south-end models are 
based on the same GIS/Source 
Term Model

Site-Wide Modeling 

Process

12/18/ 2018 

Modeling 
Objectives 

Site-Wide Modeling 
Process 
• South-end is flow system reporting 

to Springs Complex 

• North-end is hypothetical northerly 
flowpath 

• Model development focused on 
South-end 

• North- and south-end models are 
based on the same GIS/Source 
Term Model 

L'/18/2018 DRAFT 

• Quantify source area contributions to 
Springs Complex 

• Panels A, B, C, D, E 

• Pole ODA 

• Represent Site conditions changing 
over time and subsequent selenium 
transport 

DRAFT 

• Active mining 

• Reclamation 

• Removal Action(s) 

GIS/Source Term Model 
Loading (t, xy) 

North End • 

Analytical 
Model 
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Model
Development 
Group, circa 
1/23/2014
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North end

South end

Time varying:

• ROM backfill

• Storm water

• Reclamation/cover type

GlS/Source Term m
\

Model 
Development 
Group, circa 
1/23/2014 

N 

* ~ 2018 

North end 

l 

South end 



Backfill Sources
Data sources:

• Annual Operations Reports
• Elevation data
• Aerial images
• Historic CAD drawings

Identification of Backfill Sources 
Using Elevation Differences

l8 6rM-200TOrM
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I -149 9 --100 
j] -agg'-w 1-499-10

I 101-SO
■ 501-100 
I 1001-150 1.501-200

■ 2001-250 1250.1-275

Warm colors (reds, oranges, 
and yellows) represent areas 
where materials were removed.

Cool colors {greens and blues) 
represent areas where 
materials were placed.

Approximate mine 
pit boundary

Storm Water Sources
Data sources:

• CADdrawingsof Areas of Enhanced 
Infiltration provided by Mine personnel

• Stormwater Pollution Prevention Plan 
(SWPPP) maps

• Annual contours (watershed analysis)
• Discussions with Mine personnel
• Geophysical studies (Willowstick 

Investigations)

I
i

CAD
HI

SWPPP
DRAFT

Backfill Sources 

• Data sources: 

• Annual Operations Reports 

• Elevation data 

• Aerial images 

• Historic CAD drawings 

• Identification of Backfill Sources 
Using Elevation Differences 
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where materials were removed. 
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represent areas where 
materials were placed. 



Watershed Analysis
GIS-based analysis 
Estimate of run-off

Run-off to ROM?
-> Se source to groundwater

Infiltration Modeling
• Simulate the water balance, by 

year, for each cover type (net 
percolation)

• "Net percolation" - the infiltrating 
water that migrates beyond the 
active zone and into the underlying 
waste

easasiiHi

25-ft. contours obtained 
from annual flight

Model grid

Approximate watershed based 
on analysis of topography

Model grid cell where runoff 
from watershed reports 
(may be over backfill)

I
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(may be over backfill) 

ToplOII/Olnwoody 
ar.t<Mrt_, -

2007•Future 
Mosto(E-laMI 

"""°'"""' 

11 

.... -

2012-Future 
Portlomo/E·POMI 

F&f2 



Land Use/Cover Types

Open pit
• Partially backfilled (unvegetated, no runoff) 

Covers (vegetated & unvegetated)
• Backfilled pit/ODA (overburden only)
• Topsoil (0-6 in), overburden
• Topsoil (1 ft), chert (6 ft), overburden
• Dinwoody (3 ft), chert (2 ft), overburden
• Topsoil (1 ft), Dinwoody (2 ft), chert (2 ft), 

overburden

• "Store and Release Cover" - Topsoil (1 ft), 
Dinwoody (3 layers at 1 ft each), chert (2 ft), 
overburden

lilh
Climate Data

Prac^tienScite—>

Temperature

• Slug Creek/Smoky Guard Shack regression (1984-2004)
• Smoky Guard Shack Automated (2005-2010)
• Bully Barn (2011)
• Slug Creek/Smoky regression (2012)

Relative humidity, wind speed - NOAA Pocatello 
Solar radiation - calculated based on latitude 
Precipitation

• Smoky guard shack
• Automated daily (2005-June 2011)
• Manual monthly (2000-present)

• Slug Creek Divide NRCSSNOTEL
• Automated daily (1984 to present)

• Monthly sums not to exceed manual Smoky data

12/18/2018

WI! 
Climate Data 
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• Temperature 

• Slug Creek/Smoky Guard Shack regression {1984-2004) 

• Smoky Guard Shack Automated (2005-2010) 

• Bully Barn {2011) 

• Slug Creek/Smoky regression {2012) 

• Relative humidity, wind speed - NOAA Pocatello 

• Solar radiation - calculated based on latitude 

• Precipitation 

DRAFT 

• Smoky guard shack 

• Automated daily (2005-June 2011) 

• Manual monthly {2000-present) 

Slug Creek Divide NRCS SNOTEL 

• Automated daily {1984 to present) 

• Month ly sums not to exceed manual Smoky data 

,. 
Pr.cipitation Scale - > f 

13 

14 

'° i . .! 
10 .i 

i 
< 



Iljll
Infiltration 

Model Output

Estimate for each cover type for each year
• 1984-2015
• 2016 - 2050 (synthetic)

Summarized in lookup table

Analytical Model
• GI5 (location, time, presence of backfill)
• Infiltration (location, cover type, rate)

• Source term (time and load)
• Transport to springs

12/18/2018

r■

Analytical
Model

GIS "integration & automation"
• Link to yearly mine disturbance and reclamation info

Maps GIS Model Predictions
• Location of sources areas thru time
• Infiltration by cover type thru time
• Enhanced infiltration (location and volume)

Infiltration Modeling
• HELP, VADOSE/W
• Infiltration rates by cover type thru time 

1-D Transport
• Smoky's unique groundwater setting allows the use of a less 

complex modeling approach
• Transport from source areas to the Springs Complex

• Se loading at Springs Complex
• Se concentration at Springs Complex

12/18/2018

WI! 
Infiltration 

Model Output 

• Estimate for each cover type for each year 
• 1984 - 2015 

• 2016 - 2050 (synthetic) 

• Summarized in lookup table 

• Analytical Model 
• GIS (location, time, presence of backfill) 
• Infiltration (location, cover type, rate) 

• Source term (time and load) 

• Transport to springs 

12/ .8/2018 DRAFT 
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Analytical 
Model 

GIS " integration & automation" 

Link to yearly mine disturbance and reclamation info 
Maps ➔ GIS ➔ Model ➔ Predictions 

• Location of sources areas thru time 

• Infiltration by cover type thru time 

• Enhanced infiltration (location and volume) 

• Infiltration Modeling 

• HELP, VADOSE/W 

• Infiltration rates by cover type thru t ime 

• 1-D Transport 

DRAFT 

Smoky's unique groundwater setting allows the use of a less 
complex modeling approach 

• Transport from source areas to the Springs Complex 

• Se loading at Springs Complex 

• Se concentration at Springs Complex 

IS 
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"Analytical Model"
Physical Attributes

ACRE

Infiltration Rate
LAND TYPE

Source Cone.
ACRE I YEAR

Mining Attributes
ACRE!YEAR

Aquifer Property
FLOW ZONE

GIS integration & automation 
Disturb. & rec. maps 
Infiltration by cover type 
Source location (backfill & ODA) 
"Flow zones"
Distance to springs

S;gwVeloc.ty

Mass = V * C
ACRE I YEAR

Hoopes + SFSCS
YEAR

ACRii’i'cSR"'

A, D, E, Pole
YEAR

A+D+E+Pole

Microsoft® Access
Transport calculations 
Mass loading summation 
Tables for observation 
comparison 

Microsoft® Excel
Simulated vs. observed

■ACRE’ = 1 acre grid cell
“YEAR" = Model attributed on yearly lime period

12/18/2018

Transport Methodology
Saturated flow, 1-D transport

• Van Genuchten and Alves (1982)
• Continuous or finite source
• linear sorption, first order degradation
• Developed by H. Dawson (Co. School of Mines, ERA)

Formation implementation for Smoky
• Verified against Dawson's solution J

Grid-based (1-acre grid cells)
For each source cell (backfill and

Velocity K*t/n^ (site data, calibration)
Dispersivity (literature, calibration)
Adsorption (conservative)
Distance

® Source concentration (column test,^e|

Distance from sourceJm):

-r
Time since release (days):

iz P
0 SOOO 10000 Mi~MurtoiTnftU9.md6

ompore to spring observations

2) Sum panels

Sum cells in panel, by year ^

Mass Arrival at Springs Complex xs

12/18/2018 

"Analytical Model" 
~· ·············· ···········································································, -- - -- - - - - - -

Physical Attributes 
ACRE 

- ------ ---~ -
Infiltration Rate 

LANO TYPE 

--- --
Source Cone. 

ACRE j YEAR 

Mining Attributes 
ACRE JYEAR 

---------
Aquifer Property 

FLOW ZONE 

----- -- -
Distance 

ACRE 

GIS integration & automation 
✓ Disturb. & rec. maps 
✓ Infiltration by cover type 
✓ Source location (backfill & ODA) 
✓ "Flow zones" 

✓ Distance to springs 
•. ..... .. .. . ... .... .... ....... .. ... ... .. ................................................... ..... .. .... .. . ... .. ...... . .... .. . ... ... .. ... ............................................. 

·" ..• GW \telocitl·' 
FLOW ZONE 

--------
Mass= V * C 

ACRE I YEAR 

Hoopes + SFSCS 
YEAR 

"ACRE" = 1 acre grid cell 

'. 10 Transport ·· ·• 
ACRE I YEAR 

-----
A, D, E, Pole 

, YEAR 

A+D+E+Pole 
YEAR 

"YEAR" = Model attributed on yea~y time period 

DRAFT 

Microsoft® Access 

✓ Transport calculations 
✓ Mass loading summation 

✓ Tables for observation 

comparison 
Microsoft® Excel 

✓ Simulated vs . observed 
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Source Term

• Concentrations based on column tests
• Convert pore volume (PV) to time consistent with F&G EIS
• Time pore volume infiltrates through overburden

• Volume • Porosity • Pref. Flow Factor / Infiltration rate

• Key Assumptions i
• All overburden is run of mine (ROM) mix M
• All overburden sources are average thickness JjB

• Time is dependent on infiltration rate

Example:
Volume * Porosity * Pref. Flow Factor / Infiltration rat 
100 ft * 0,3 * 0,5 / 0.25 ft/yr = 60 years

Analytical Model

Estimate of relative 
contribution of selenium 
loading by panel

Total loading at spring complex

r
Panel F BacRfiirand External

0
i 1.1 !

I i 1 T
! 1 !

! ! ! ! i
n”

; ! ■
i PV3 Plis

i i 1 ; j
>reVolur?P< tc

♦Panel F Backfill and External Fill

Analytical Model 

• Estimate of relative 
contribution of selenium 
loading by panel 

• Total loading at spring complex 

i •1 /18/2Ul8 

DRAFT 
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Panel F Backfill and External Fill 
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Rl North-End Mode
[East Smoky PDEIS indicates southerly flow]

12/18/2018

Rl North-End Models
eiS/Source Term Model 

Loading (t, *y)
(ustorr} fcnpU,

Source-Term Calibration

Analytical Model

6W-IW Analysis 
Capture Zone Tests

4-------------------- ,

I 6W-C0L-- _f

Source Cone, 
Velocity

------------ f...........

Groundwater Concentration Predictions

MODFLOW/MT3D

I
Non-Pumping

Scenario
(all north-end source 

areas; post-mining conditions)

___Pumping 
Scenario 

(north-end source 
areas outside GW-IW capture)

12/18/2018

RI North-End Model 
[East Smoky PDEIS indicates southerly flow] 

D/18/2018 DRAFT 

RI North-End Models 

12/18/2018 

' Source-Term Calibrat ion 

Analytical Model 

GW-IW Analysis ' 
Capture Zone Tests :+ : 

y 

' '· 

__ L 
GW-CO 

Response 

Source Cone., 
Velocity 

+ 

GIS/Source Term Model 
loading (t, xy) 

DRAFT 

urto 

Groundwater Concentration Predictions 

MODFLOW/MT3D 

Non-Pumping 
Scenario 

(all north-end source 
areas; post-min ing 

conditions) 

Pumping 
Scenario 

: (north-end source 
: a~as outside GW-IW 

L _ capture) 
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12/18/2C

.North . t; :

i ; ■

Legend

PWCQ-

mindustrial W

CaleufaUon
Str^^ral influence

industrial Wei
SWOKY CANYON MINEFIGURE

EXAMPLE CAPTURE 
ZONE TEST CASES DRAFT

DATE. DECia. 2013

Rl South-End Mode
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RI South-End Model 

12/18/2018 DRAFT 
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DRAFT 
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Rl Analytica 

Model Results
Travel time to Springs Complex 

for all source cells

12/18/2018

Rl Analytica 

Model Results

■ e-p«nti a o^«mI

■ PoitODA aA^nd

I .
0 5 10 15 20femt

Based on advective velocity = K*i/n^

Note; transport model accounts for 
velocity and dispersion

Arrival curve example: 
finite source 

Time since release (days):

Advection: K*I/n, 
Advection+ Oisparsim

12/18/2018

RI Analytical 
Model Results 

Travel time to Springs Complex 
for all source cells 

12/18/2018 

RI Analytical 
Model Results 

12/18/2018 

50 

o I ii . ll 
10 15 

Based on advective velocity= K*i/n. 

Note: transport model accounts for 
velocity and dispersion 

DRAFT 
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■ Pole-ODA ■ A-P,nel 
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30 

Arrival curve e,cample; 
finite source 

Time since release (days}: 

Advection + Dispersion 
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FS Mode
All Wells FM groundwater reports to the springs complex, 

less capture at Industrial Well

12/18/2018

Updates from East 

Smoky PDEIS 

(assures 

consistency)

12/18/2018

Southern flow regime definition
Capture zone/timing of industrial well 
pumping
Transport velocity consistency
• East Smoky = Analytical model
• =30-year transport time from 

northern area to Hoopes Spring
Panel B/C source-term verification

FS Model 
All Wells FM groundwater reports to the springs complex, 

less capture at Industrial Well 

12/18/Z0IS 

Updates from East 
Smoky PDEIS 

(assures 
consistency) 

l2/J8/2018 

DRAFT 27 

• Southern flow regime definition 
• Capture zone/timing of industrial well 

pumping 
• Transport velocity consistency 

• East Smoky:::: Analytical model 
• ::::30-year transport time from 

northern area to Hoopes Spring 

• Panel B/C source-term verification 

AAF 



B/C Source 

term
verification
East Smoky backfill « B/C 

Source term assumption is high 

12/18/2018

Lysi meter 

Data
Rl Percolation Rates and 

Precipitation,

Water Year Measured Percolation

12/18/2018

Column
Tetted MeterM
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Figure 3. Generalized Cross Section Comparing the Proposed Action Pit Shell to a Potential Alternative

m
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Deep Dinwoody Lysimeter, Water Year 2014-2017
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1984 1988 1992 1996 2000 2004 2008 2012 2016 2020 2024 2028 2032 2036 2040 2044 2048

•Open/Partia))^ BacMIed P* —> ONtweady and Chart

—OverPurden (Oaect vef etatwn) «PreojHt«t»n

lum ln lHchat• (mc/l) 
M;,,. Aru/Alte m.tivia Column T•.t•dM.at•rilll PV-1 

,r0fl09"~ ROM.Ul Aun-of-Min. (AOM) &KW 0 ,07' 0.003 1 0.002 1 

R•dvud ,1tstt.n ROM-WA WeichtedA~• 0 .0 526 0 .0011 

,an.eb a•c ROM ROMS-kflll 0.047 

'"-' ' ' ROM 8ackflN .tnd Elclemal Rtl 

hnelG ROM ..... , o.u~ ._.., ...... ROM uctern.tlFII 0 .7U ._ ... 

Figure 3. Generalized Cross Section Comparing the Proposed Action Pit Shell to a Potential Alte rnative 
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Deep Dinwoody Lysimeter, Water Year 2014-2017 

30 -- so 

Precipitation Scale---> 
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Lysi meter 

Data
HELP overpredicts run-off

Deep Dinwoody perc adjustment 
based on run-off limit from 

lysimeter data

12/18/2018

Lysimeter
Data

Cover performance scaled to 
Deep Dinwoody based on relative 

"storage capacity"

12/18/2018

Deep Dinwoody Lysimeter, Water Year 2014-2017

Runoff Limited 
00 Lysimeter Calibration

»i..... .......1....

„ i-..
precia

3000 2002 30CM 2000 2008 2010 3013 2014 2016 2018
—OLOPerc —NEWPerc ■ P«rc(wateryMr] - Predp ▲ fr*dp(wateryaar)

Run-off limited 
HELP

Minimize

run-off andpercolation
error

Estimated Percolation

Precipitation

Pole cover

Deep Dinwoody

<4 inches storage

Pola Covar

f i

Available water holding 
capacity »1 mm/cm 
(Deep Dinwoody Lysimeter)

»4.8 inches storage

Lysimeter 
Data 

HELP overpredicts run -off 

Deep Dinwoody perc adjustment 
based on run-off limit from 

lysimeter data 
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Lysimeter 
Data 

Cover performance scaled to 
Deep Dinwoody based on relative 

"storage capacity" 
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Deep Dinwoody Lysimeter, Water Year 2014-2017 

Runoff LirT'Jlled 
00 Lys,meter Calibration 

precip 

5 ~ .-------' 
2000 2002 , ... 2006 2008 2010 2012 

- OLOPitrt NEW Pere ■ Puc lwatu yfff) 

.1 

DRAFT 

"'" 2020 

<4 inches storage 
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Est imated Percolation 
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Pol•Covar 

D1rowoody ,. 

2030 

Run-off limited 

201& 2020 

HELP 

Minimize 
run-off and 
percolation 
error 

31 

Precipitat ion 

2035 

Available water holding 
capacity • 1 mm/cm 
(Deep Dinwoody Lysimeter) 

,.4_g inches storage 
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storage Capacity 

High level summary

Deep Dinwoody store and release
• Designed with low permeability layer
• Low K layer evolved thru wetting and 

drying... le-6 2e-5 cm/s
• No longer permeability limited
• Perc limited by storage capacity of "fines" 

Pole is perc limited by storage capacity 
"Storage capacity"

• Hold water during periods of no ET

Source Term
Consistent with EIS modeling,

Depletion dependent on 
percolation rate

12/18/2018

—^ Efr<^ve Pr(^~pita~don
----- Net Percolation
----- Dinwootty interfiow
— Topsoil Interflow
— Runoff
---- Potential Evapotranspiratton
----- Measured Change in Storage
---C^culated Change In Storage

708 mm

PRECIP

228 mm

26 mm

46 mm»

7M

$00

400 I

I
300 S e

Panel F Backfill and External Fill

3 inch/yr

6 inch/yr

Column leach results: Concentration per pore volume

Modeling pore volume to time:

Avg. overburden thickness / rate = time
(Thickness x Porosity x Preferential Flow) / Infiltration = years

Storage Capacity 

High level summary 

Deep Dinwoody store and release 

Designed with low permeability layer 

Low K layer evolved thru wetting and 
drying ... le-6 ➔ 2e-5 cm/s 

No longer permeability limited 

Pere limited by storage capacity of "fines" 

Pole is perc limited by storage capacity 

"Storage capacity" 

• Hold water during periods of no ET 

12/ 18/ 2018 

Source Term 

Consistent with EIS modeling, 

Depletion dependent on 
percolation rate 

12/18/2018 
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Column leach results : Concentration per pore volume 

Modeling ➔ pore volume to time: 

Avg. overburden thickness/ rate = time 
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PV3 

(Thickness x Porosity x Preferentia l Flow)/ Infiltration = years 
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EPA (2002) 

Soil to
Groundwater

Pathway

Simple, screening level model

12/18/2018

EPA (2002) 

Soil to
Groundwater

Pathway

Simple, screening level model
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O«nvation of Dikition Attonuation Factor
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Mixing model to estimate Dilution and Attenuation Factor

Conservative, simplified assumptions :
• Infinite source
• No contaminant attenuation
• Homogeneous and isotropic hydrologic properties
• "Receptor well" at the down gradient edge of the source 

and screened within the plume.

SECTION VIEW
Well

Location

i Source r m I land aurrace

!
a1
1 1 Uns3turated

Zone

j 1 ■■ Water Table

enound Water ~~-----
Contaminant

Plume

Flow
Saturated 2!one

EPA (2002) 
Soil to 

Groundwater 
Pathway 

Simple, screening level model 

- 12/18/2018 

Derivation of DUution Attenuation Factor 
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Mixing model to est imate Qilution and 6ttenuation factor 

Conservative, simplified assumptions : 
Infinite source 
No contaminant attenuation 
Homogeneous and isotropic hydrologic properties 
"Receptor well" at the down gradient edge of the source 
and screened within the plume. 

SEC TION VIEW 
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GW-25
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Groundwater
Pathway

Simple mixing model 
Applied at GW-25 with Panel E
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Estimated Concentration at 6W'25 w/simple mixing mode!

Years

Estimated Source Term

Groundwater concentrations at GW-25
suggest infiltration =4 in/yr
One line of evidence that lysimeter data
are over estimating long-term
percolcation
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Estimated Concentration at GW-25 w/simple mixing model 
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• Groundwater concentrations at GW-25 
suggest infiltration ==4 in/yr 

• One line of evidence that lysimeter data 
are over estimating long-term 
percolcation 
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Estimated Source Term 

Mixing Factor 
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Summary of Mode 

Update

12/18/2018

Rl & FS 

Models

12/18/2018

Incorporated site specific data from 
East Smoky
Incorporated Deep Dinwoody 
lysimeter data
Evaluated consistency with recent 
groundwater and surface water data
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• Incorporated site specific data from 
East Smoky 

• Incorporated Deep Dinwoody 
lysimeter data 

• Evaluated consistency with recent 
groundwater and surface water data 
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